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The relation between 1st grade grey matter volume and 2nd grade Grey matter volume 18 Mathematical and numerical competence is a critical foundation for individual success in modern society yet the 19 neurobiological sources of individual differences in math competence are poorly understood. Neuroimaging re-20 search over the last decade suggests that neural mechanisms in the parietal lobe, particularly the intraparietal 21 sulcus (IPS) are structurally aberrant in individuals with mathematical learning disabilities. However, whether 22 those same brain regions underlie individual differences in math performance across the full range of math abil-23 ities is unknown. Furthermore, previous studies have been exclusively cross-sectional, making it unclear whether 24 variations in the structure of the IPS are caused by or consequences of the development of math skills. The present 25 study investigates the relation between grey matter volume across the whole brain and math competence longi-26 tudinally in a representative sample of 50 elementary school children. Results show that grey matter volume in 27 the left IPS at the end of 1st grade relates to math competence a year later at the end of 2nd grade. Grey matter 28 volume in this region did not change over that year, and was still correlated with math competence at the end of yses were processed according to the VBM protocol described by 211 Q14 Ashburner (2010) with the following specifications. T1-weighted struc-212 tural scans were first segmented to obtain separate grey matter (GM), Math competence and whole brain grey matter volume 240 To investigate whether regional grey matter volume across the 241 whole brain at the end of 1st grade and 2nd grade relate to individual 242 differences in math achievement scores at the end of 2nd grade, we 243 used two multiple linear regression models relating WCJ-III Math Com-244 posite scores to VBM derived grey matter volume maps at 1st grade and 245 2nd grade respectively. Age at time of scan, sex, global brain volume 246 (WM + GM + CSF), and PPVT-4 (2nd grade) were included as covari-247 ates in the model to control for anatomical differences related to age, 248 sex, overall brain volume, and verbal ability. The regression analysis 249 was run on the whole brain with an absolute threshold mask of 0.01. In addition to testing whether grey matter volume in year 1 or year 2 258 relates to math ability in year 2, we tested whether change in grey mat-259 ter volume between years 1 and 2 relates to math performance at year 2.
260
To this end, voxel-wise change in the grey matter volume for each par- 
Results

284
Math competence and whole brain grey matter volume 285 The multiple regression analysis predicting 2nd grade math scores 286 from grey matter volume in 1st grade identified one cluster in the left 287 IPS after controlling for age at time of scan, sex, and verbal IQ (peak 288 MNI coordinate: x = − 33, y = − 60, z = 50, t = 4.80, 1041 voxels, 289 p b .05 cluster corrected) (Fig. 1a) . The regression analysis predicting 290 2nd grade math scores from 2nd grade grey matter volume identified 291 an almost identical cluster in the left IPS with the same control variables 292 (peak MNI coordinate: x = −33, y = −61, z = 50, t = 4.33, 675 voxels, 293 p b .05 cluster corrected) (Fig. 1b) . The majority of each cluster was 294 identified as hIP3 within the IPS using the SPM8 Anatomy Toolbox Our main analysis used a composite measure of math competence to 305 capture mathematical/computational processes over and above those 306 specific to a single subtest (e.g. digit processing for calculation vs verbal 307 processing for applied problems). However, we were additionally inter-308 ested in whether the two subtests were associated differentially with 309 grey matter volume across the whole brain. Therefore, we conducted (Table 4) .
340
Discussion 341 The current study is the first to investigate the longitudinal relation-342 ship between grey matter volume across the whole brain and math 343 competence in children without mathematical learning difficulties.
344
Testing for a relation between math competence at the end of 2nd 345 grade and grey matter volume at the end of 1st grade, we show that 346 across the whole brain, only left intraparietal sulcus (IPS) grey matter 347 volume relates to math competence at the end of 2nd grade. Grey mat-348 ter volume in the same region at the end of 2nd grade related to concur-349 rent math competence, and no region of the brain showed a relation 
